Abstract. A commercial phenol formaldehyde based resole thermosetting resin supplied by Borden Chemical Australia Pty. was filled with ceramic-based fillers (Envirospheres or SLG) to increase its flexural strength. By performing flexural tests at a range of filler addition levels, the optimal addition level of SLG was able to be determined in terms of workability, cost and performance. The composites obtained were post-cured in conventional oven and in microwaves respectively. It was found that the maximum flexural strength of the microwave cured composites were only 5% lower than those cured in conventional oven when the percentage by weight of SLG was 24%. However, the time required for post-curing was also reduced from 10 hours (in conventional oven) to 40 minutes (in microwaves).
Introduction
In the previous and concurrent studies, the flexural strength and flexural modulus of a commercial resole phenol formaldehyde resin reinforced with ceramic microsphere (SLG) filler, post-cured conventionally were determined using flexural tests. The filler percentage by weight is varied from 0 to 35%. Fillers will reduce shrinkage during molding, lower cost and improve strength. They are also used to improve electrical and thermal insulating properties and chemical resistance [1] [2] [3] [4] [5] . This research project is aimed at investigating the flexural strength of a commercial resole phenol formaldehyde resin reinforced with ceramic microsphere filler and post-cured in microwaves.
Materials
The commercial resole resin used in this study was Hexion Cellobond J2027L [6] . The acid catalyst used to crosslink the resin was Hexion Phencat 15 [7] .The ratio by weight of the resin to hardener for all samples in this work was chosen to be 50: 1. SLG (E-spheres) is a commercial ceramic microsphere product obtained as a fly ash by-product. The particle size of this general purpose Espheres ranges from 20 -300 µm with approximate mean of 130 µm [8] .
Three-point bending tests
The three point bending flexural test provides values for the flexural modulus of elasticity in bending E B , flexural stress σ f , flexural strain ε f and the flexural stress-strain response of the material. The main advantage of a three point flexural test is the ease of the specimen preparation and testing. However, this method has also some disadvantages: the results of the testing method are sensitive to specimen and loading geometry and strain rate [1, 9] .
The standard used is ISO 14125:1998(E) because the results can then be compared with the work of others [9] . A Material Testing Systems (MTS) 810 was used for the tests. The dimensions of the specimens of resins were 100mm x 10mm x 4mm and tested at a crosshead speed of 1 mm/min.
Microwaves
The material properties of greatest importance in microwave processing of a dielectric are the complex relative permittivity ε = ε′ -jε″ and the loss tangent, tan δ = ε ε ′ ′ ′ [10] . The real part of the permittivity, ε′, sometimes called the dielectric constant, mostly determines how much of the incident energy is reflected at the air-sample interface, and how much enters the sample. The most important property in microwave processing is the loss tangent, tan δ or dielectric loss, which predicts the ability of the material to convert the incoming energy into heat. For optimum microwave energy coupling, a moderate value of ε′, to enable adequate penetration, should be combined with high values of ε″ and tan δ, to convert microwave energy into thermal energy. Microwaves heat materials internally and the depth of penetration of the energy varies in different materials.
Specimens
The specimens were made 0 % to 35 % by weight of SLG in step of 5 % in the cured phenol formaldehyde composite PF/E-SPHERES (X %), where X is the percentage by weight of the filler.
As the raw materials of the composites are liquid and ceramic hollow spheres, the flexural test specimens were cast to shape. The resin is mixed with the catalyst, after which the SLG is added to the mixture and they are then mixed to give the uncured composite. The mould was made from PVC (poly vinyl chloride) sheets with six pieces of flexural test specimen each. After preliminary curing, the samples were taken out of the mould and post-cured in modified Sanyo microwave oven with a total power of 800 W; the power input could be varied in ten steps of 80 W. Higher power levels were not recommended because it would cause the samples to cure swiftly, resulting in the formation of blowholes. The microwaves heated up the six specimens to 100 o C in 40 minutes and the temperature of the specimens was measured using an infrared thermometer. One hundred o C was chosen because when samples were cured in a conventional oven, the highest temperature reached was 100 o C. They were then cooled to room temperature in the modified microwave oven cavity and then subjected to flexural tests [9] . Figure 1 illustrates the flexural strength of varying percentage by weight of E-sphere reinforced phenol formaldehyde matrix composite post-cured in microwaves. At zero percent by weight of SLG, the flexural strength is 5.62 MPa; it then dropped to its lowest point, 4.48 MPa at 10 % and 15 % by weight of SLG reinforcement; the value increased again to a maximum of 15.71 MPa at 25% by weight of SLG; it then dropped again sharply to near zero at 35% by weight of SLG. The flexural strength at 5% by weight of SLG was 5.62 MPa which was much lower than its counterpart post-cured conventionally as depicted in Figure 2 . For all percentages by weight of SLG, the values of the flexural strength of those post-cured conventionally were higher than their counterparts post-cured in microwaves. The difference was largest with unfilled resins; the microwave post-cured sample was 48% lower than its counterpart but the value narrowed to 5% at 25 % by weight of SLG, i.e. at maximum flexural strengths for both composites. From 25 % by weight of SLG onwards, the difference in flexural strength was higher than 5% but not more than 7%. The value of this study is acceptable because the trend of the curve of this study is in line with that of its counterpart post-cured conventionally, which was studied concurrently. The flexural strength approached zero when the percentage by weight of the reinforcer was 35 %; the flexural strength dropped to zero faster than its counterpart post-cured 1400
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conventionally which happened only when the percentage by weight of SLG was 40% [11] . It can be found that the maximum flexural strength, 15.71 MPa, is obtained when the percentage by weight of SLG is 25 % This is in line with the work of Cardona et al. [12] , in which the maximum flexural strength for the same composite was 26.48 MPa. Hence, the maximum SLG by weight that can be added to the phenol formaldehyde resin is 25 percent; at this point, maximum flexural strength can be achieved together with significant reduction in material cost. 
Conclusions
This study has evaluated the flexural strength and flexural modulus of varying percentage by weight of SLG reinforced phenolic resin post-cured in microwave irradiation; the best composite is the one with 25 % by weight of SLG because the three properties above are either highest or quite high and the cost of the composite has been reduced by 24% but the flexural strength has been increased by 180%. 
